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[57] ABSTRACT
A laser data recording method in which data is re-

~ corded on a heat mode recording material with high

sensitivity and low laser power. A scanned laser beam 1s
adjusted to have a substantially ctrcular configuration
on the recording material with a diameter defined at an

- intensity value of 1/e2 of approximately one scanning

line pitch on the recording material. The laser beam 1s
intensity modulated in such a manner that the ratio of
the laser beam intensity in the ““on” state to the laser
beam intensity in the “off” state is in a range of 1:0.24 to
1:0.53, more preferably 1:0.25 to 1:0.50.

3 Claims, 10 Drawing Figures
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LASER DATA RECORDING METHOD

BACKGROUND OF THE INVENTION

The present invention relates to a laser data recording
method with which data is recorded on a data recording
material by scanning and modulating a laser beam.

Recently, a Varlety of laser data recording devices
have been proposed in the art. Of these devices, a laser
data recording device using a heat mode recording

‘material is attractive because it does not require pro-

cessing and real time recording is effected therewith.
Such a device has been employed in recording original
discs for a laser COM or a video disc.

In a heat mode laser data recording process, the re-
cording medium absorbs a laser beam and converts its
energy into thermal energy which induces physical or
chemical changes in the medium so that detectable
variations such a fusion, evaporation, deformation and
phase changes are caused in the medium. Such a laser
data recording process is specific in that it has a thresh-
old characteristic, that is, a minimum laser power must
be applied to effect the change. As a recording material
of this type utilizing a thermal effect has a generally low
sensitivity, it is necessary to provide a laser of consider-
ably great power.

It is well known in the art that the amount of energy
required for recording data on a heat mode data record-
ing material depends on the recording speed. The sensi-
tivity is improved if the recording sheet is subjected to
exposure with a high illumination intensity for a short
time. One method of subjecting the recording sheet to
exposure with a high illumination intensity for a short
time is to reduce the diameter of the laser beam and to
increase the scanning speed.

As an example, with regard to a recorded image

formed with 2000 scanning lines with a pitch of Sp and

a recorded image formed with 4000 scanning lines with
a pitch of 2.5y with the laser beam diameter reduced by
half and with the scanning speed doubled with respect
to the former, if the laser power is constant in both
cases, then the same energy is applied to a point on the
recording material in both cases. However, the intensity
of illumination is increased four times and the exposure
time 1s decreased to a quarter 1n the latter case.
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ratio of a laser beam intensity in the “on” state to a laser
beam intensity in “off”’ state is in a range of from 1:0.25

to 1:0.50.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1E are diagrams for a description of a
conventional modulation method of which FIG. 1A i1s
an explanatory diagram showing a modulation wave-
form, FIG. 1B an explanatory diagram showing the
modulation waveform in correspondence to a position
on a data recording material, FIG. 1C an explanatory
diagram showing a laser beam on the data recording
material, FIG. 1D an explanatory diagram showing the
density of energy applied to the data recording material,
and FIG. 1E an explanatory diagram showing the con-
figuration of a recorded dot;

FIGS. 2A-2C are diagrams for a description of a
modulation method according to the invention of which
FIG. 2A is an explanatory diagram showing a modula-
tion waveform, FIG. 2B an explanatory diagram show—
ing a laser beam on a data recording material, and FIG.
2C -an explanatory diagram showmg the conﬁguratlon
of a recorded dot; e

FIG. 3 1s a graphlcal representatlon mdlcatmg the
sizes Dx and Dy of dots which are prowded accordmg
to the invention; and "

FIG. 4 1s an explanatory dlagra.m showmg an 1mage
which is recorded according to one embodlment of the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS | |

The invention will now be described in detail.

A laser beam having a power P and which is scanned
in a direction x at a speed v in x-y coordinates on a
recording material will be considered. If the intensity
distribution of the laser beam is Gaussian, the beam
radius defined at a point 1/e?is w and the laser beam is
subjected to intensity-modulation a(t) according to data

- to be recorded, then the density of energy applied to an |

435

Accordingly, in the latter case, the sensitivity is in- -
creased, and the laser power can be reduced as much as

the increase of the sensitivity. However, it should be
noted that this requires the laser beam scanning optical
system to increase the optical resolution and the scan-
ning speed and accordingly it is necessary to employ a
relatively expensive optical system.

- Accordingly, an object of the invention 1s to make 1t

possible to efficiently record data on a heat mode data
recording material with a laser beam without the above-
described economical and technical difficulties.

SUMMARY OF THE INVENTION

In accordance with these and other objects of the
invention, a laser data recording method is provided
with which data is recorded on a data recording mate-
rial by scanning and modulating a laser beam, wherein,
according to the invention, the configuration in section
of the laser beam on the data recording material is sub-
- stantially circular, the diameter of the laser beam which

‘is defined at an intensity value of 1/e? thereof is about
twice a scanning line pitch, and the laser beam 1s sub-
jected to iritensity modulation in such a manner that the
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arbitrary point on the recording material can be repre-
sented by the following expression.

_x (1)
¢ ol a(?)dt.

— _2.... pl J’ = = sz

This is a general equation for the density of énergy
applied to an arbitrary point on a recording material in

a laser scanning data recording operation.

If the recording line width which is obtained when a
heat mode data recording material having an energy
density threshold Er is subjected to simple scanning
exposure is represented by D, and E(x,y)=E1 y=D/2
and a(f)=1 in equation (1) above, then the following
equation is obtained:

@
2 P

T Wy

Er=

The equation (2) can be rewritten into the following
equation: |
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,‘ ,|2 P 1
D=w 21[1( - .VET'W)-

With dD/dw=0, a beam radius wg with which the
recording line width D 1s a maximum is:

2

(3)
2 R
me vEr

Wo =

In this case, the maximum recording line width D4y is:

4)
2 - -—E—-— —— w
me vEr "0

Dmax =

The following can be understood from the above-
described 'analysis. When, under the condition that the
scanning speed v and the recording material threshold
Erare constant, the laser beam radius w 1s made equal
to D (D being the desired scanning line recording
width), that is, the laser beam 2w is made equal to 2 X D,
the laser power P necessary for obtaining the recording
width D is a minimum as a result of which the recording
operation is carried out most efficiently.

On the other hand, 1n a laser scanning data recording

operation with the scanning line recording width (or 30
the scanning line pitch) being D, it may be required to

record dots in the scanning direction which have a size
substantially equal to D at the minimum. In the case of
recording dots of the minimum diameter at the scanning
position Xx=0 on the recording material, the following
expression can be applied as the modulation waveform
of equation (1):

5)

where

T=D/v. (6)

This modulation waveform is as shown in FIG 1A. If
the modulation waveform is expressed as a’(x) in corre-
spondence to a position on the recording material
through a change of variable with x=v ¢, then

(7)

a’(x)

This is as indicated in FIG. 1B.

On the other hand, in the case where a laser beam of 60

diameter 2Wp=2D is used in order to perform the re-
cording operation efficiently, the intensity modulation
1s in the *‘on” state (i.e. a'(x)=1) only for the period that
the laser beam is moving from a beam position A (beam
center x=—D/2) to a beam position B (beam center
x=D/2) as shown in FIG. 1C. Therefore, the density of
energy E(x) applied to a point in the scanning direction
(1.e. the direction x) and on the center line of the scan-
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ning line on the recording material is not sharp as indi-
cated in FIG. 1D. The size Dx of a dot at which the
energy density E(x) exceeds the threshold E7is smaller
than the scanning line width D and the size Dy in a
direction perpendicular to the scanning direction is
smaller than the size Dx. Accordingly, the configura-
tion of the dot is as shown in FIG. 1E. If data is re-

corded with dots of such an unsatisfactory shape, the

resultant 1mage is too low in quality to be of practical
use.

In order to solve this problem, a method may be
employed in which the diameter of the laser beam on
the recording material i1s made equal to D in a direction
perpendicular to the scaning direction and made smaller
than 2D in the scanning direction. With this method, the
density of energy applied to the recording material is
improved in the scanning direction and therefore a
recorded dot of larger size can be obtained. However, it
should be noted that with this method the optical reso-
lution in the scanning direction must be improved; that
1s, the method suffers from economical and technical
difficulties as in the above-described case.

‘No defocusing phenomenon is caused even if a re-
cording material having a threshold characteristic is
subjected to bias exposure lower than the threshold. In
view of this fact, the size of dots which are recorded
when various bias components are added to the modula-
tion waveform a(t) have been investigated as a result of
which 1t has been found that, by the addition of bias
components in a certain range, the above-described
effective recording conditions can be satisfied and the
recorded images are significantly improved in quality.

FIG. 2A shows a modulation waveform having a bias
component, which is expressed as follows:

FIG. 2B shows the sectional intensity distribution of a
laser beam whose diameter 1s defined by the following

expresston which is used to perform an efficient record-
ing operation:

... =T/, 2t = T/2. (8)

- aff)
ay... 1< —=T/2;t > T/2

2w=2wp=2D. £

Applying equations (8) and (9) to equation (1), the

0 size of the dot at which the energy density exceeds the

threshold Erexpressed by the equation (2) is obtained.
Thus, the sizes Dx and Dy in the scanning direction and
in the direction perpendicular to scanning direction of a
dot recorded as shown in FIG. 2C are as indicated in
FIG. 3. The dot configuration shown in FIG. 1E corre-
sponds to a1=0 in FIG. 3. |
It has been found that if the dot size Dx in the scan-
ning direction meets the following condition, then the
quality of a recorded image is improved substantially:

D<Dx<2D. (10)
For condition (10), the bias component a1 of the modu-
lation waveform should in the following range (11),
more preferably in the following range (11°):

0.24 < a1 <0.53 (11)
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0.25=a|=0.50 (11)

For instance, in the case of a;=0.45, Dx=1.60D and
Dy=0.81D. The character “A”, as shown in FIG. 4, can
be formed by arranging such dots on a 7X9 matrix
form. In this pattern a single dot has a size of Dx=1.60
and Dy=0.81. However, if three or seven dots are
continuously recorded side-by-side, the modulation is
continuously in the “on” state. Accordingly, as in the
case of a simple scanning exposure, the size of the dot in
the direction perpendicular to the scanning direction is
equal to D. Thus, the horizontal line of a character is
recorded as a continuous line whose width, in the direc-
tion perpendicular to the scanning direction, is equal to
D while the vertical line of the character is recorded as
a series of dots each having a width in the scanning
direction equal to 1.60D. Accordingly, the recorded
character is, as a whole, in good balance and of high
quality.

The bias component a; of the modulation waveform
can be readily changed by changing the modulation
factor of an electrical signal which drives an optical
modulator (which may be of the acousto-optic type or
the electro-optic type) or a laser source (such as a semi-
conductor laser or an internal modulation type laser).

Thus, according to the invention, data can be re-
corded on a heat mode data recording material with a
laser beam without the economical and technical diffi-
culties in increasing the optical resolution and the scan-
ning speed of the prior art methods. Furthermore, the
Invention is advantageous in that, while a laser beam
whose diameter is about twice the scanning line width

or the scanning line pitch is employed, degradation of

the overall quality of the recorded image due to a re-
duction in the size of each dot 1s never caused and, on
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the contrary, the’recorded image is, as a whole, in good

balance and of high quality.

Especially, if, in recording data on a heat mode data
recording material with a laser beam, the method of the
Invention is combined with a method such as disclosed
in U.S. Pat. No. 4,125,842 in which data is carried on
the zeroth diffraction light from an acousto-optic type
optical modulator, then a laser data recording operation
having a high light utilization efficiency can be carried
out.

What is claimed is:

1. A laser data recording method in which data is
recorded on a data recording material by scanning and
modulating a laser beam, comprising the steps of:

generating a scanning laser beam on said data record-

iIng material, said scanning laser beam having a
substantially circular configuration and a diameter
defined at an intensity value of 1/e2 of said laser
beam of approximately twice a scanning line pitch
on said data recording material; and

intensity modulating said scanning laser beam in such

a manner that a ratio of a laser beam intensity in an
on” state to a laser beam intensity in an “off>’ state
18 1n a range of from 1:0.24 to 1:0.53 producing a
varying voltage bias such that D <Dx < 2D, where
Dx acts as the dot size in the scanning direction and
D is a recording width obtained when scanning
exposure is carried out continuously between adja-
cent dot positions of said recording material.

2. The laser data recording method of claim 1
wherein said ratio of said laser beam intensity in the

“on” state to said laser beam intensity in the “off™ state
is in a range of from 1:0.25 to 1:0.50. .

3. The laser data recording method of claim 1 or
claim 2 wherein a size Dy in a direction perpendicular
to the scanning direction of said laser beam of a dot is
smaller than the size Dx of said dot in a direction paral-

lel to said scanning direction.
* X X Kk %



	Front Page
	Drawings
	Specification
	Claims

